It is hypothesized that there is a correlation between the ratio of second hand finger to fourth hand finger (2D:4D) which is an indicator of prenatal testosterone and physical fitness and sportive performance The aim of this study was to determined correlation between the right hand finger ratio (2D:4D) and the parameters of anthropometric and physical fitness in male and female children aged between 10 and 12. Six hundred and seventy eight males whose age average was 0.49±1.32 and 592 females whose age average was 10.38 ± 1.48 participated in this study. In addition to taking the students' right hand 2D:4D, height, weight, triceps, subscapular, full arm and leg measurements, vertical jumping, standing long jump, flexibility, 20 m sprint, 10x5 agility, leg strength, right/left hand grip strength, 20 m shuttle run and balance tests were also performed. Statistically differences were found between anthropometric measurements apart from height and BMI, 2D:4D and physical fitness parameters in the males and females. A negative correlation between right hand 2D:4D and vertical jumping, standing long jump, 20 m sprint, 10x5 agility and right hand grip strength in the males. As for the females, although a negative correlation was detected between right hand 2D:4D and height, a positive correlation was found between the same variable and body fat ratio (p<0.05). It can be concluded that while a low 2D:4D ratio was correlated with static and explosive strength, speed and agility in the males, it was correlated with height and body fat ratio in the females.
Introduction
That the testosterone and estrogen concentrations in the womb are at different levels affects the ratio of finger lengths in relation to each other in the children to be born (Manning et al., 1998; Wang, 2016; Kociuba et al., 2017; Ja Chau et al., 2015) . As a sign of how much testosterone a human being was exposed to in the uterus, 2D:4D finger length ratios have been accepted (Powel, 2012; Ja Chao and Kim, 2015) . Although 2D:4D is the same in males and females until the age of 2, it shows a difference after that age and it does not change neither in the puberty nor in the adulthood (Manning, 1998) . However, according to a study carried out by Ja Cho et al., 2D :4D is the same in the males and females until the age of 4 (2015) .
Besides being effective on many areas such as a person's psychological condition (Manning, 2008; Manning et al., 2011; Acar and Eler, 2018) , risk of developing cancer or having a heart attack (Manning, 2008; Fink, et al., 2006) , sexual preference, mathematical and verbal intelligence, finger ratio is also an indicator of a person's predisposition for sports (Tester and Campell, 2007) . Low 2D:4D is accepted to be related to high performance in many sports and 2D:4D has been suggested to have a negative correlation with physical performance in many studies (Manning and Taylor, 2001; Manning, 2002; Paul et al., 2006; Bennett et al., 2010; Hill et al., 2012) . Athletes may display differences in competing, seeking excitement and taking risks with respect to their gender. These features are associated with prenatal testosterone exposure as well (Kociuba et al., 2017) .
Males have a lower 2D:4D ratio when compared to females (Kociuba et al., 2017; van Honka et al., 2011; Hönekopp and Watson, 2011) and the males who have low 2D:4D ratios tend to have high fertility, reproduction success, aggressiveness and sportive talent ( Wang et al., 2016; Ronald et al., 2002) .
The right side is stronger than the left side in terms of all the correlations between 2D:4D and fetal sex steroids. Males tend to use the right side of their body to perform the strongest movements and behaviors (Tanner, 1990; Fink et al., 2006) .
There is an increase in the research on the determination of children's physical features. Main reasons for these researches were to investigate the roots of increasing health problems that later arise in the adulthood, to identify children's physical fitness level and sports aptitude to guide them to choose the right sports branch for themselves. In order the identification of 2D:4D finger ratio to be a criterion in talent auditions, more research should be conducted on children and 2D:4D. Most of the studies regarding 2D:4D include adults (Beaton et al., 2011; Fink et al., 2006; Paul et al., 2006; Zhao et al., 2012) , adolescents (Peeters et al., 2013) , only a single physical fitness parameter (Manning et al., 2000; Manning and Hill, 2009; Folland et al., 2012) and groups of athletes in a single branch of sports (Bilgiç, 2016; Voracek et al., 2010; Kilduff et al., 2011; Tamiya et al., 2012; Manning, 2002; Manning, 2009; Bennet et al., 2010; Sudhakar et al., 2013; Kociuba et al., 2017) . The aim of this study is to determined correlation between the right hand finger ratio (2D:4D) and the parameters of anthropometric and physical fitness in male and female children aged 10 -12.
Method
This study was conducted including the voluntary participation of a total of 1270 primary school students (592 female, 678 male) aged 10 -12. By providing the students' parents and the school administration with detailed information about the study, their consents were obtained. The students did some stretching exercises for 10 minutes before physical fitness tests. Except for 20 m shuttle run, each test was carried out twice and the best value was recorded.
Anthropometric Measurements
A Holtain brand anthropometric set was used for the measurements. The weights of the athletes were determined using a digital bascule with a 0.1 kg of sensitivity and their heights were measured with a stadiometer with a 0.01 m of sensitivity and the BMI was calculated using the body mess (kg)/height (m2) formula. While the distance between acromion and dactylion was taken into consideration in the determination of arms Length (AL), the distance between the tibial condyle and medial malleolus was taken into account when measuring Leg Length (LL) and the obtained data was recorded with a sensibility of 1/10 cm. A skinfold caliper was used for the measurement of Body Fat Ratio (BFR). Besides, triceps and subscapular skin measurements were performed and calculated (Lohman, 1992) . After the students' photocopy images of their right hands were taken, their finger lengths were measured using a vermian caliper that can measure up to 0.05 mm between the basal line at the proximal part of the 2 nd finger (index finger) and the 4 th finger (ring finger) on the palm of their right hands. The measurements were carried out by the same person twice to ensure reliability and they were noted down in millimeters (mm). In addition, to determine the ratio, the length of the second finger was divided into the length of the fourth finger.
Physical Fitness Measurements
The explosive strength Vertical Jumping (VJ) and Standing Broad Jump (SBJ) tests were recorded in centimeters (cm). After marking the highest point on the wall that the subject can reach while standing, the highest point s/he can touch by jumping in a position that their feet touch each other by getting strength from the knees (by bending them) was also marked and the difference between the two points were recorded. In the SBJ test, the subject jumped forward on two feet from the start line and the farthest distance that s/he jumped was recorded as the test result. The speed was measured by 20 m Sprint Test in seconds (sec) and the participants sprinted from the start line for 20 meters after getting the start signal.
The elapsed time between the start and finish line was detected by a photocell (New Test 2000) and the speed and agility tests were performed by 10x5 m agility test (sec). A rectangular run-up area which was 1.2 m wide and 5 m long was formed for this test which means running at the end of the track and returning at the maximum speed and then the total time was recorded.
To determine the static strength, Leg Strength (LS) (kg), Right Hand Grip Strength (RHGS) and Left Hand Grip Strength (LHGS) tests (kg) were performed. The LS test was carried out using a Takkei back and lift dynamometer. After the subjects placed their feet on the dynamometer stand in a knee bent case, while the arms were stretched, the back was flat and the torso was slightly bent forward, they grasped the bar of the dynamometer by their hands and lift it up vertically at their maximum using their legs. Then the value was recorded. A hand dynamometer which was adjusted based on the hand measurement of the subject was utilized for RHGS and LHGS and by applying the grip strength without bending the arm from the elbow, the measurement was taken. To determine the endurance, 20 m. Shuttle Run (endurance) test was performed on a once a day basis on a different day. The obtained scores were used to find out the subjects' maximal oxygen uptake and the values were calculated in ml/kg/min by using an evaluation table. So as measure the flexibility, the Sit and Reach (SR) test was conducted. While on sitting position, the subject stretched forward with both hands as far as possible holding this position for 1 or 2 seconds and the distance was recorded. Finally, the Flamingo balance test was performed to measure balance. The participant tried to stand on a balance board on the dominant foot with his/her shoe on for a minute and the number of trials was determined.
Statistical Analysis
The Kolmogorov-Smirnov test was used for normality of data. In the analysis of normally distributed data, independent samples t-test was used for comparison of two groups, and pearson correlation analysis was used to determine the relationship between variables. Significance was set at p<0,05." Considering the results of the anthropometric measurement, the mean values of weight, BFR, arm/leg length and right hand 2D:4D were higher in the females than those of the males. As for the results of the physical fitness parameters, all the mean values of these parameters were higher in the males than those of the females, except for flexibility and a significant meaningful difference was found statistically among each other (p<0.05). When the overall picture was taken into account, there was a meaningful difference in all the parameters between the males and females apart from age, height, and BMI. Arm Length (cm) r 0,06 -0,33 p 0,14 0,29 Eler, N. (2018) . The correlation between right hand finger ratio (2D:4D) and the parameters of anthropometric and physical fitness in children. Journal of Human Sciences, 15(1), 656-664. doi:10.14687/jhs.v15i1.5268 In the females, a weak negative correlation between right hand 2D:4D and height and LL were detected, whereas there was a moderate positive correlation between the same variable and BFR. As for the males, no correlation was detected between right hand 2D:4D and anthropometric measures. Considering the performance parameters, although there was a negative correlation between right hand 2D:4D and VJ, SBJ, 20 m sprint, 10 x 5 agility and right hand grip strength, no correlation could be found between right hand 2D:4D and these parameters in the females.
Results

Conclusion and Discussion
Although there are a good number of studies regarding 2D:4D in the literature, there are only a few studies concerning the correlation between 2D:4D ratio and physical fitness parameters in children and adolescents (Eghbali, 2016; Bilgiç et al., 2016; Ranson et al., 2015; Wang et al., 2016) . Besides, it is a handicap that the results of all these studies are different from each other and it is assumed that the differences stem from the number of the subjects, their age, and frequency of doing physical exercise. Folland et al., (2012) in young males, Peeters et al., (2013) in young females, Mehdizadeh et al., (2013) in female university students (n-40), Eghbali (2016) in male children aged 7-13 (n-316), Bilgiç et al., (2016) in children aged 11-13 who are engaged in different sports branches (f-37, m-57), Bilgiç et al., (2016) in 39 females and 57 males aged 11-13 in different sports branches, and in a similar study Eghbali (2016) in male students aged 7-13 examined the correlation between 2D:4D ratio and physical fitness and observed no significant correlation between 2D:4D ratio and strength, endurance, speed, agility and flexibility. Contrary to these results, Wang et al., (2016) reported a strong negative correlation between 2D:4D and fine and gross motor skills in a study conducted on 40 male and 40 female children in the same age group. Ranson et al., (2015) investigated the correlation between 2D:4D and physical fitness in a study in which 922 male and 835 female students participated and stated a negative correlation between 2D:4D and strength, endurance and speed in the males. 38 Eler, N. (2018) . The correlation between right hand finger ratio (2D:4D) and the parameters of anthropometric and physical fitness in children. Journal of Human Sciences, 15(1) , 656-664. doi:10.14687/jhs.v15i1.5268 On the other hand, Fink et al., (2003) identified a positive correlation between 2D:4D and BMI-waist and hip circumference-in adult males (n-50) and females (n-70), while Müller et al., (2013) did not find a significant correlation between 2D:4D and some anthropometric measurements such as BMI and waist in adults (n-14,916) . This contradiction might stem from the number of participants who were involved in the studies. Although Ranson et al., (2015) reported a significant correlation between 2D:4D and height, weight, BMI, and waist circumference in the females, they did not observe any correlation in the males. In our study; however, while there was a weak negative correlation between 2D:4D and height (r=-0.17), and a moderate positive correlation between 2D:4D and BFR (r= 0.57) in the females, no correlation was found in the males.
In the study they carried out on young males, Manning and Hill (2009) indicated a negative correlation between right/left hand 2D:4D and 20 m, 30 m, 40 m and 50 m sprint speed. Ranson et al., (2015) found a significant and negative correlation in the males aged 8-12 between 2D:4D and 5 × 10 m sprint, which is consistent with our results. Though it was weak, there was a negative correlation between 2D:4D and speed (r=-0.11) and agility (r=-0.21). Zhao et al., (2015) suggested that there was a strong correlation between the cardiovascular system and muscle strength due to prenatal testosterone in the males but reported no evidence for the females. In studies examining the correlation between 2D:4D and strength, Grip Strength (GS) test which determines the static strength is utilized (Ranson et al., 2015; Bilgiç et al., 2016; Eghbali, 2016; van Anders, 2007; Gallup et al., 2007; Zhao et al., 2012) .
In our study, while there was a moderate negative correlation between 2D:4D and GS in the males, no relationship was found in the females. Fink et al., (2006) and Zhao et al., (2012) suggested that there was a negative correlation between 2D:4D and GS, whereas Zhao et al., (2012) and Hone and McCullough (2013) confirmed that there was not a correlation in the females for the same variable. Furthermore, there are many studies proving that there is no correlation between 2D:4D and static strength (van Anders, 2007; Gallup et al., 2007, Halil and Gürel, 2012) .
In the present study, no correlation between 2D:4D and endurance was found in the male and female children. In their studies, Manning et al., 2007 and Fink et al., 2003 determined that the strongest correlation was between 2D:4D and endurance parameters when compared to speed and strength in adults (f-50, m-30). On the other hand, Ranson et al., (2015) reported a strong relationship between 2D:4D and endurance in a study conducted on 922 male and 835 female students.
There is also some research indicating that there is a strong correlation between 2D:4D and sportive performance in the males who are middle and long distance runners (Manning et al., 2008; Manning et al., 2007; Manning et al., 2009) . Peeters et al., (2013) in young females (n-178), Hill et al., (2012) in young males (n-41), Eghbali, (2016) in male children (n-316) detected a significant correlation between right/left 2D:4D and maximal oxygen intake.
While Ranson et al., (2015) suggested that the level of prenatal testosterone and estrogen had effects on speed, endurance and strength on male children in a study conducted on children, Hönekopp et al., (2006) reported a significant correlation between left hand 2D:4D (r = 20.32) and physical fitness parameters in a study involving young females, but this relationship was not observed for right hand.
As a result of the study conducted on young females aged 13.5-18, Peeters et al., (2013) claimed that there was no correlation between left hand 2D:4D ratio and any physical fitness components (balance, limb movement speed, flexibility, explosive strength, static strength, body strength, functional power, speed/ agility and endurance) and anthropometric variables (height, weight, BMI and somatotype components). Therefore, they stated that 2D:4D should not be among the criteria for females in talent auditions.
In a study carried out by Manning and Taylor (2001) , it was indicated that the males who have low 2D:4D ratios are more successful in many sports and have better balance and coordination skills, which is a positive feature in sports. However, contrary to this result, no relationship was found in our study between 2D:4D and balance in males and females. Although the results of the studies that have been conducted so far to examine the relationship between 2D:4D and sports, performance and physical fitness have presented differences, it is thought that these differences are due to the number of participants, their age and frequency of doing physical exercise.
In the present study, it was revealed that the ratio of the male students' 2D:4D was lower than that of the females. Besides, as a result of this research, a significant difference was found between 2D:4D and anthropometric and physical fitness parameters, except for age, height and BMI in the male and female students aged 10-12. While there was a negative correlation between right hand 2D:4D and static strength (RHGS), explosive strength (VJ, SLJ), speed and agility (20 m sprint and 10 x 5 m), a negative relationship with height and a positive relationship with BFR were determined in the females. To conclude, while 2D:4D, which is an indicator of fetal testosterone, can be a reference point for male children in talent auditions for the sports branches requiring strength and speed as well as in guiding them to the right sport, it should not be a criterion for performance in females. If this study is conducted on the children engaging in sports or larger populations, different results might be obtained.
